Information and communication technologies (ICT) are spreading fast across Latin America and the Caribbean. Despite an overall persistent digital gap with advanced economies, where ICT diff use at even higher rates, mobile phone penetration is approaching levels of some advanced countries and an increasing part of the population is using the Internet. This phenomenon has brought about profound economic and social changes in the region, which so far have largely gone unmeasured. Indeed, policy-makers, entrepreneurs, scholars, political parties and other social actors have raised concerns with regard to the real contribution of ICT to economic growth and productivity in the region. But, can a signifi cant economic impact of ICT be expected in a context in which most countries in the region are only ICT users and few produce these technologies? And if there is an impact, how does it relate to that in other parts of the world? Common intuition suggests that there should still be some impact of the use of ICT as a source of innovation, encouraged by the high penetration rate of some aspects of ICT.
ICT represent a major breakthrough as a general-purpose technology (GPT) or a techno-economic paradigm (TEP), boosting productivity and economic growth (see Chapters 1 and 2; Helpman, 1998) . A GPT or TEP are well-structured bodies of knowledge that are progressively modifi ed and improved over time, with at least one artefact driving the entire technological process through successive price reductions and technical improvements. Technological paradigms are associated with the progressive realization of the innovative opportunities arising from individual technologies. The constant advances made in technical and physical characteristics of semiconductors, microprocessors, hard disk drives, storage systems, graphics and video devices constitute one of the main set of parameters on which the ICT paradigm is developed and diffused. Moore's Law, projecting a doubling of transistors on microchips every 18 to 24 months is the baseline for how the technical characteristics of semiconductors have developed and advanced over the last three decades. Each techno-economic paradigm constitutes a redefi nition and requires new infrastructure for disseminating the technologies throughout the economic system. At the same time, the dominant characteristics of the industry are reshaped through the process of developing and diff using new products. 1 The ICT infrastructure assumes a more intangible form and incorporates digital telecommunications (cable, fi bre optics, radio and satellite), Internet/electronic mail, fl exible use and electricity networks, thereby redefi ning the interaction with pre-existing well-established infrastructures. The falling price of microelectronics devices, computers and the new equipment in telecommunication, control instruments, computeraided biotechnology and new materials pushes the reorganization in the industry and production activities. In short, the ICT techno-economic paradigm is associated with a profound process of structural change.
Most empirical work on the impact of ICT has focused on developed countries, and hence, there still is an open question regarding the economic benefi ts of ICT diff usion in developing economies such as those in Latin America. In this context, the Economic Commission for Latin America and the Caribbean (ECLAC) has undertaken an ambitious research eff ort to measure the economic eff ects of ICT in the region. With the fi nancial support of the Information Society programme (@LIS -Alliance for the Information Society) of the European Commission, ECLAC has been in the forefront of the debate on this issue in Latin America. ECLAC has commissioned multiple studies both to in-house analysts as well as distinguished scholars inside and outside Latin America and the Caribbean. This book is the fruit of this work, with ten chapters off ering both theoretical and empirical contributions to the debate of the contribution of ICT to economic development in Latin America. One distinguishing feature of the present book is the use of two diff erent approaches to measure the economic eff ects of these technologies: the neoclassical growth accounting approach and the evolutionary-structuralist approach. Both approaches have in common the pivotal importance of technical progress, productivity and structural transformation in economic growth, which are part of the main messages of ECLAC.
The book concludes that both approaches are complementary in their analysis of the role of ICT in economic growth, productivity and structural change in Latin America. This book identifi es several opportunities and challenges for bringing about a more dynamic role for ICT in the process of structural change and productivity growth. The ten chapters show that countries in Latin America are at diff erent stages in terms of the incorporation of technology and ICT in their economic structure. The countries' heterogeneous advances can be explained in part by their path dependence (diff erences in their initial stock of resources, capabilities and institutions) and investment rates of ICT and other physical and human capital. Accelerating the adoption and effi cient use of ICT is essential to any strategy of structural change and productivity growth.
A new ECLAC project on ICT, growth and productivity, entitled LA KLEMS, will further analyse the causality between ICT, productivity gains and the dynamics of the production structure. Emphasis will be placed on a number of productivity determinants, such as the application of knowledge to economic activities, the diversifi cation of the production structure, gender, age and level of educational attainment characteristics of the work force and so on. Moreover, more studies will look into the necessary elements that must be in place in the society as a whole, the economic system, infrastructure and industry to adapt to the new processes and products that these technologies engender. The evolutionary approach of technological changes and economic development will be particularly useful in this respect to deepen our understanding of how the region reacts to and engages in the diff usion of these technologies in the economic and social spheres.
Before presenting in more detail the conclusions of the diff erent chapters of the book, we will review fi rst the theoretical and empirical similarities and diff erences of the two main approaches of the book.
TWO APPROACHES: NEOCLASSICAL GROWTH ACCOUNTING AND THE EVOLUTIONARY-STRUCTURALIST APPROACH
The ten chapters in this book follow two diff erent but complementary theoretical approaches. The fi rst is growth accounting, which is a nonparametric index number approach embedded in a neoclassical production theory framework. It assesses how much of an observed rate of change of an output can be accounted for by the rate of change of combined inputs and a residual that is considered a proxy of multi-factor productivity (MFP) or the rate of technological change (Solow, 1957; Denison, 1962; Jorgenson and Griliches, 1967) . 2 Growth accounts provide a static conceptual framework within which the interaction between variables can be analysed and micro-results can be aggregated to unique macro-outcomes, both of which are relevant for the study of structural change and policy evaluation (Lipsey et al., 2005; Timmer et al., Chapter 3 this volume) . The standard theory has several underlying assumptions. First, it supposes that agents and fi rms are rational and can change their choice of production factors at no cost. Second, factor markets are characterized by perfect competition, so that the payment received by each factor equals its marginal product. Moreover, market participants are price-takers who can only adjust to quantities but cannot individually infl uence market prices. Third, growth accounting assumes Hicks-neutral technological progress, meaning that this progress aff ects all inputs proportionally. Fourth, the production function exhibits constant returns to scale. Over time, growth accounting has become more sophisticated, in part by relaxing one or several of the above assumptions (OECD, 2001) .
A key question analysed in growth accounting is whether economic growth is attributable to the accumulation of factors' inputs or to technological advances and the organization of production, which is also referred to as multi-factor productivity. Growth accounting exercises may serve diff erent purposes such as explaining diff erences in growth rates between countries, illuminating the process of convergence and divergence, assessing the role of structural change, technical progress and calculating potential output losses. However, growth accounting cannot provide a full causal explanation. It deals with 'proximate' rather than 'ultimate' causality and records the facts about growth components: it does not explain the underlying elements of policy or circumstances, national or international, but it does identify which issues need further explanation (Hofman, 2000) .
Growth accounts assume that technological progress is exogenous. The traditional framework of growth accounting introduced by Solow and Kuznets in the 1970s follows a Cobb-Douglas production function with constant returns to scale. This model is also adopted in Chapter 5 and 6 of this study. Solow showed how to weight the contribution of the rate of increase in inputs -labour (i.e. persons engaged) and capital (i.e. the stock of capital) -to arrive at a simple estimate of MFP growth as a residual. Solow and Kuznets, who supposed the same and constant quality for all types of labour and all types of capital, attributed most of economic growth in advanced countries in the 1950s and 1960s to the increase in Solow residual or a proxy of MFP.
A new framework of growth accounting was developed by Jorgenson and Griliches from 1967 onwards, which yields diff erent results (Jorgenson, 2009) . In contrast to the classical Solow model, these authors accounted for quality changes in labour and capital inputs. They showed that over time, quality changes explained most of the Solow residual. In other words, with this new framework, economic growth in the 1950s and 1960s was no longer attributed to MFP but to quality-adjusted factor accumulation. With regard to labour, university-educated persons increased their share in the work force over time at the expense of workers with only primary school education in many countries. As the skills and productivity of the former, proxied by their wage, are higher than that of the latter, the overall 'quality' of the labour force improved. Quality-adjusted labour services are measured by weighting diff erent categories of labour input (i.e., hours worked) by their wage rate.
The new accounting framework is a very useful tool to analyse the impact of the ICT revolution on economic growth and productivity, and is adopted in several chapters of this book (1, 3 and 4). This framework demonstrates that the investment in ICT has contributed considerably to the growth of capital services, overall economic growth and productivity over the past two decades in many countries, even though the invested amounts have been relatively small compared with other types of assets. This proportionally large contribution originates from the fact that the 'rental price' of ICT, used to weight the contribution of diff erent types of capital, is much higher than that of other assets for two reasons. First, the prices of these assets decline rapidly over time, which is a 'burden' to the investor, as investing today means forgoing the opportunity of investing tomorrow at a lower cost. Second, depreciation rates of ICT are also very high at around 30 per year (full depreciation in three to three-and-a-half years). A fast-declining price combined with a high depreciation rate make up for a high user cost of capital or rental price, which is a proxy of the annualized price of using a capital input and comparable to the wage rate for labour. The high user cost of ICT capital gives a relatively large weight to this asset in the overall growth of capital services, which itself is a weighted average of the growth rates of the net capital stock of each asset, using its user cost as weight. This approach is followed in Chapters 1, 3 and 4 of this book, showing that the share of ICT services in overall capital services has strongly increased in all parts of the world since the mid-1990s (Chapter 1). In the European Union and the United States, ICT accounted for half and almost two-thirds of the capital contribution to economic growth, respectively, between 1995 and 2005 (Chapter 3). As expected in Latin America, the ICT share was much smaller at around one-fi fth of the total capital contribution to growth in the same period (Chapter 4).
The new framework also shows that MFP or technological progress has increased after 1995 as a result of the ICT revolution, in particular in the United States. In this country, the productivity improvement between 1995 and 2000 was attributed mostly to ICT investment and productivity gains in ICT producers. The productivity boom from 2000 to 2008 is somewhat diff erent, and can be attributed to the benefi ts of the reorganization of business processes alongside investments in hardware and software in previous years (Brynjolfsson and Saunders, 2009 ).
The second approach in this book is referred to as the evolutionarystructuralist (E-S) approach. The E-S approach explains the development and the characteristics of a technological learning path. It starts from an historical interpretation of technical change and organizational change, assuming that technologies and organizational structures and behaviours tend to co-evolve. It identifi es persistent asymmetries among countries in the production system in order to account for those processes by which technological gaps and national institutional diversities can jointly reproduce themselves over rather long spans of time. In this regard, ICT are analysed as a force of technical progress that may change the actual technological trajectory, and thereby the techno-economic paradigm of the economy.
The E-S approach diff ers in various aspects from the neoclassical growth accounting approach. First, the former approach can be characterized as an 'endogenous account of change', whereas the second is an 'exogenous account of change'. The E-S approach enters the 'black box' of technical progress and analyses its microeconomic dimensions. Technology is observed through its embodiment in physical and human capital, infrastructure, the legal system, social norms and practices, and so on. The E-S theories try to incorporate many facets of the microeconomics of innovation, treating the economic, social and political structure of an economy explicitly. Institutions are considered to co-evolve with technology. The fi rm occupies a specifi c point in input space with options to move to another point but only at a signifi cant cost and under uncertainty (Lipsey et al., 2005) .
The notions of 'techno-economic paradigm' or 'regime' allow the inclusion of the economic and institutional dimensions. At the microlevel, technologies are incorporated in particular institutions and fi rms, whose capabilities are fundamental in shaping the rates and directions of technological advance. Firms, however, are not the sole repositories of technologies. More ample socioeconomic and institutional settings shape the availability of existing technologies within each paradigm. Perez (2002) emphasized the process of establishment of new technoeconomic paradigms; technological factors are deeply intertwined with social ones:
Each technological revolution, originally received as a bright new set of opportunities, is soon recognized as a threat to the established way of doing things in fi rms, institutions and society at large. The new techno-economic paradigm gradually takes place as a diff erent 'common sense' for eff ective action in any area of endeavour. But while competitive forces, profi t seeking and survival pressures help diff use the changes in the economy, the wider social and institutional spheres where change is also needed are held back by strong inertia stemming from routine, ideology and vested interests. . . . It is thus that the fi rstThe E-S approach illustrates well that the paradigm-based theory of innovation and production is highly consistent with the evidence for Latin America on the cumulative nature of the production and adoption of ICT (Chapters 2, 7 and 8). Compared with developed economies, Latin American countries show a large gap in terms of capabilities to produce and diff use ICT. The process of adoption and adaptation of ICT depends in part on the specifi cities of domestic innovation systems. In turn, the building of production and innovation systems is closely linked to the borrowing, imitation and adaptation of established technologies from more advanced economies. The empirical evidence suggests that technological progress linked to ICT in Latin American countries requires building indigenous skills within fi rms, sectors and institutions. Some sectors have clearly benefi ted from the incorporation of ICT and expanded their participation in international markets. Others, however, have been constrained in their productive use of these technologies due to limited capabilities.
Both approaches emphasize the importance of innovation and technological progress for economic growth. Even though the neoclassical mainstream approach to growth accounting simplifi es the description of the innovative process, it allows for sophisticated quantitative modelling with strong internal analytical consistency. In contrast, the E-S approach describes in more detail the microeconomic dimensions of the innovative process, but is less suitable for modelling purposes.
Despite their theoretical diff erences, a certain convergence can be observed in the empirical analysis of the neoclassical and E-S approaches over the past decade (Castellacci, 2007 (Castellacci, , 2009 . First, over the last two decades, growth accounting exercises have incorporated explicitly the heterogeneity of economic units (fi rms, sectors, countries), deviating from the representative agent assumption underlying the standard neoclassical model. As evidenced by the EU KLEMS project described in Chapter 3, individual sectors or factors of production have quite diff erent productivity behaviour. Moreover, some growth accounts model the competition and selection process among heterogeneous units (based on minimum thresholds). Second, growth accounts have integrated the interaction of diff erent levels of analysis. For example, in the EU KLEMS project, the analysis of fi rm-level data has complemented sectoral growth accounting by adding the possibility of studying the eff ect of entry and exit of fi rms on productivity. Third, recent research has greatly enriched growth accounting by relaxing certain key assumptions, which are not present in the E-S framework, such as Hicks-neutral technological progress, constant returns to scale, perfect competition and the exogenous character of technological change (Hulten, 2009) . In sum, recent trends in growth accounts have provided a major step toward giving a more realistic description of the true economic environment of heterogeneity, competition and selection. It should be kept in mind that these growth accounts continue to be embedded in a standard neoclassical framework with a great potential for modelling, but with assumptions that in general continue to diff er from the E-S models.
Both approaches in this book support the view that the ICT revolution is far from having expressed its full potential yet in Latin America. Technological revolutions display long diff usion processes, because they entail co-evolution and co-adaptation of new technologies, new organizational forms, new institutions, and new consumption patterns:
The eventual supplanting of an entrenched techno-economic regime involves profound changes whose revolutionary nature is better revealed by their eventual breadth and depth of the clusters of innovation that emerge than by the pace at which they achieve their infl uence. Exactly because of the breadth and depth of the changes entailed, successful elaboration of a new 'general purpose' technology requires the development and coordination of a vast array of complementary tangible and intangible elements: new physical plant and equipment, new kinds of workforce skills, new organizational forms, new forms of legal property, new regulatory framework, new habits of mind and patterns of taste. (David, 2001, p. 53) The well-known claim by Robert Solow about seeing computers everywhere but in productivity statistics (Solow, 1987) captured the amazement of economists for not being able to immediately observe the gains from a new technological revolution. In fact, if one takes into account the existence of powerful retardation factors, then the paradox is not a paradox anymore. The way productivity gains diff use across countries and industries is a painstaking process that needs adaptation of economic activities, institutional and social setting to the new paradigm. In the interpretation of David (2001) , we are only starting to observe the real gains from the current ICT-based techno-economic paradigm in Latin America.
MAIN CONCLUSIONS BY CHAPTER
The book starts out with two introductory chapters on neoclassical growth accounting and the E-S approach, respectively. The fi rst chapter by Dale Jorgenson and Khuong Minh Vu on 'Latin America and the world economy' analyses the impact of investment in ICT on the recent resurgence of growth in Latin America and the world economy using growth accounting. They describe the growth process of the world economy in seven regions, including Latin America, and 14 major economies during the period 1989-2005. In this period, global economic growth was led by the industrialized countries and Developing Asia, and experienced a strong resurgence after 1995. Growth of world output is allocated between input growth and (multi-factor) productivity, with the former accounting for the bulk of economic growth. Among the inputs, investment in tangible assets, including ICT equipment and software, was the most important source of growth. However, non-ICT investment predominated. The contribution of labour input was next in magnitude with hours worked outweighing labour quality. The contributions of ICT investment increased in all regions, but especially in industrialized economies and Developing Asia. After the dot-com crash of 2000, ICT investment in the industrialized countries moderated but continued to expand in the developing world, especially in Asia. The contribution of ICT investment to economic growth more than doubled after 1995 in Developing Asia, Latin America, Eastern Europe, North Africa and the Middle East and Sub-Saharan Africa.
Diff erences in per capita output levels are mainly explained by diff erences in per capita input, rather than variations in productivity. This can be explained by the fact that technology can be easily transferred from industrialized countries to the developing regions, while the investment in capital and labour inputs requires more time and greater eff ort. Outdated production techniques must give way to newer methods that incorporate the modern technologies, especially those that use ICT. Latin American productivity remained above world levels, albeit with stagnant productivity growth throughout the period 1989-2005. All Latin American economies had a substantial shortfall in GDP per capita, relative to world levels, due to large gaps in input per capita and stagnation in productivity growth. Chile and Mexico made some headway in reducing this gap during the period 1989-2005, largely through investment in non-ICT assets.
The second introductory chapter, entitled 'Technical change and economic growth: some lessons from secular patterns and some conjectures on the current impact of ICT' by Carolina Castaldi and Giovanni Dosi discusses the link between patterns of technological change and economic development taking an evolutionary-structuralist perspective. They argue that economic development depends on the emergence of new technoeconomic paradigms or regimes. The current paradigm is driven by ICT, which are still at an early stage of diff usion, particularly for developing regions such as Latin America. For these regions, the new techno-economic paradigm represents both an opportunity and a threat. The pervasiveness of these new technologies makes their adoption a development necessity, independently from the countries' patterns of comparative advantage. The catch-up in ICT investment for developing countries is crucial to foster their 'national absorptive capacity', in part for foreign-generated knowledge. While latecomers have the potential to achieve high economic growth rates, this potential is only realized if local enterprises are able to recognize, exploit and internalize the knowledge underlying the new technologies. ICT infrastructures and corporate organizations, promoted by governmental policies, play a crucial role in the latter process.
To promote a virtuous ICT-based growth path for developing countries, the authors argue that policy-makers need to carefully balance several trade-off s and complementarities through diff erent policies. The ultimate success or failure of these policies will depend on their combination with diff erent institutional arrangements, to the extent they enhance learning processes by individuals and organizations, on the one hand, and selection processes, including market competition, on the other. The trajectory of several countries points to a variety of country-and sectorspecifi c policies. First, governments have to increase opportunities for scientifi c and technological innovation by ensuring a rapid expansion of the number of qualifi ed engineers and the strengthening of graduate education. Second, governments need to stimulate technological learning and penalize rent-seeking behaviours. Third, the public sector can promote the patterns of information distribution and interaction across economic actors. Finally, fi rms need high rates of physical and intangible investment and the progressive integration of production design, marketing and research activities.
After the two introductory chapters, the book continues with four chapters using growth accounting to assess the role of ICT in economic growth and productivity outside and inside Latin America. In Chapter 3, Marcel Timmer et al. compare the productivity performance of the European Union (EU) and the United States from 1980 to 2005, using growth accounts and a detailed database that distinguish between gross output and various inputs referred to as KLEMS (capital K, labour L, energy E, materials M and service inputs S), and MFP. A key advantage of the EU KLEMS database is that it moves beyond the aggregate economy level to examine the productivity performance of individual industries and their contribution to aggregate growth. Its theoretical framework is the same as Chapter 1. Previous studies have demonstrated that there is enormous heterogeneity in output and productivity growth across industries, so analysts should focus on the industry-level detail to understand the origins of the European growth process. The EU KLEMS database covers 25 EU countries (EU-25), as well as Japan and the United States.
Compared with the EU, in the United States economic growth accelerated much more and the contribution of MFP was much larger from the 1980-95 to the 1995-2005 period. Trends in MFP explain most of the growth diff erentials between the two economies: while contributing 1.0 and 0.7 per cent to market economy GDP growth during 1980-95 in the EU and the United States, respectively, the trend accelerated to 1.7 per cent in the United States, but declined to 0.4 per cent in the EU after 1995. This slowdown in MFP growth is recorded almost everywhere across the EU, with the exception of Finland and the Netherlands where it has improved since 1995. In France, MFP growth in the market economy has remained stable, but it slowed sharply in Germany and in the United Kingdom. In Italy and Spain, MFP growth was even negative, refl ecting the lack of technology and innovation spillovers and market rigidities, in particular in services industries. When decomposing growth by industry, it seems that market services are mostly responsible for the divergent performance of the EU, both among themselves as well as relative to the United States.
The overall contribution of capital services to growth has not changed, but the distribution has shifted somewhat from non-ICT capital to ICT capital. However, compared with the United States the shift towards ICT has generally not been as pronounced. Notably, when comparing the ratio of capital to labour contributions to growth in the EU, there are signs of declining capital intensity in the regions. This development is in sharp contrast to the US trend in capital intensity since 1995.
According to Timmer et al., the potential for a recovery in the EU's productivity growth will to a large extent depend on its capability to transform the economy towards one that makes more productive use of its resources. Much will depend on the capacity of markets to facilitate the reallocation of resources to industries that show rapid productivity growth. However, it is diffi cult to predict which industries will be the most productive in the future, as technology and innovation trends are inherently diffi cult to forecast. A productive use of a larger input from skilled employment and the exploitation of ICT investments in service industries appear the most successful policy avenues for a European productivity revival.
Chapter 4 moves the analysis from advanced countries to Latin America and the Caribbean. In this chapter ('ICT investment in Latin America: does it matter for economic growth?'), Gaaitzen De Vries et al. present a fi rst attempt to estimate investment in ICT and assess its contribution to economic growth in fi ve Latin American countries (Argentina, Brazil, Chile, Costa Rica and Uruguay). Investment in computer hardware and communication equipment is estimated using a commodity-fl ow method, which traces domestically produced and imported ICT goods to their fi nal destination: exports, consumption and investment. Investment in software is approximated using a fi xed-eff ects panel data model. Their fi ndings suggest, not surprisingly, that ICT investment in Latin America has been substantially below that in the United States and Europe, with the exception of Chile, whose ICT investment eff orts are approaching European levels. ICT investment shares as a percentage of GDP increased in the 1990s; they bounced back temporarily after 2000, except in Costa Rica. Similar patterns are observed in the European Union and the United States, but here investments in new technologies are much higher.
De Vries et al. use a standard growth accounting framework to estimate the contribution of ICT investment to economic growth in these countries. The average annual contribution of ICT capital to growth from 1995 to 2004 ranges from 0.21 percentage points in Brazil to 0.62 percentage points in Chile. This fi nding indicates that Latin America has not been excluded from the ICT revolution, but the diff erences across countries are huge. ICT adopters can be divided into two clusters. The fi rst cluster includes Chile and Costa Rica, which invested substantially in computers, communication equipment and software. In the second cluster are Argentina, Brazil and Uruguay, which invested relatively little in new technologies.
In Chapter 5 ('Growth, productivity and information and communications technologies in Latin America, 1950 America, -2005 , Claudio Aravena et al. take a longer time perspective and include more countries than the previous chapter, but analyse the role of ICT only indirectly as an explanatory factor of multi-factor productivity growth. This study includes ten countries in Latin America (Argentina, Bolivarian Republic of Venezuela, Bolivia, Brazil, Chile, Colombia, Costa Rica, Ecuador, Mexico and Peru). In the past half-century, these countries experienced periods of strong growth, especially in 1950-73, and periods of crisis. A persistent characteristic has been the very strong fl uctuations in their growth pattern. The chapter presents the stylized facts on per capita GDP growth in the region. It employs a standard methodology of growth accounting, explaining economic growth by labour and capital accumulation, and estimating multi-factor productivity as a proxy for technical progress and other not identifi ed growth factors. The authors fi nd positive growth rates for individual factors of production for all the periods in Latin America, but MFP is negative in 1980-90 and 1998-2005. In the decades before the crisis of the 1980s, capital was the main factor that explained economic growth. This began to change afterwards however, as a lower level of factor accumulation was coupled with a decrease in the relative contribution and labour became the leading contributor to GDP growth. This diff erence in performance is even more striking in the case of MFP.
This chapter also presents an econometric analysis of panel data to explain the behaviour of MFP and quantify the role of effi ciency and the economic cycle, together with the impact of ICT dissemination on MFP performance. A fi xed-eff ects panel data model is used with the following explanatory variables: the variability of the real exchange rate, macroeconomic instability and an index of economic reforms; for ICT, an index has been estimated to measure their adoption in the country's economic structure on the basis of fi ve representative variables: fi xed telephones, mobile telephones, personal computers, number of television sets and number of Internet users. The results obtained suggest that the effi ciency variables of the economy, exchange-rate variability, macroeconomic instability and especially the reform index are the most important group for explaining the productivity dynamics in the countries of the region during the period 1960-2005. Therefore, the results suggest that the volatility of Latin American economies recorded in the 1980s was the main cause of the negative performance of productivity. Although it was possible to signifi cantly relate the evolution of factor productivity to a set of ICT variables, these variables proved to play only a limited role in explaining MFP. Isolating the contribution of ICT to economic growth seems more promising when these assets are incorporated into capital services, as done in the previous chapter.
An even broader approach with a comparison among diff erent regions in the world, again embedded in growth accounting, is taken in Chapter 6 ('The impact of information and communication technologies on economic growth in Latin America in comparative perspective') by Nauro Campos. He contributes to the econometric literature on the macroeconomic impacts of ICT with an emphasis on the comparative experience of Latin America. The central question is therefore: how econometrically robust is the eff ect of ICT diff usion in terms of long-term per capita economic growth rates? The author intends to improve upon the sizable literature on this issue by: (1) putting together a comprehensive dataset encompassing more than 150 developed and developing countries covering the period from 1960 to 2004; (2) presenting simple Granger-causality evidence that supports the view that causality fl ows from ICT diff usion to economic growth (and surely not the other way around); and (3) estimating, using panel data techniques, the eff ects of ICT for all countries as well as for each regional group (that is, OECD, Latin America, Asia, Middle East, Africa and transition economies). One major and recurring concern of the existing literature refers to the robustness of the econometric estimates, driven mainly by the twin facts that although (1) endogeneity has proved an important and diffi cult source of bias, (2) the standard solutions to deal with it have been shown to be equally sensitive to other equally severe sources of bias (more specifi cally, the resulting system generalized methods of moments [GMM] estimates in relatively small and heterogeneous samples unfortunately also tend to be fragile). The results are encouraging as they suggest that reverse causality bias does not seem to be suffi ciently severe in the fi ve-year averages panel design adopted.
Overall, the estimates show that the eff ect of ICT on growth is positive, statistically signifi cant and reasonably robust to diff erent measures of ICT, diff erent econometric estimators, diff erent specifi cations (standard aggregate production and endogenous growth frameworks), as well as diff erent ways of measuring key control variables. The impact of ICT on growth in Latin America is found to be smaller than that in the OECD and Asian countries, but larger than the impact in Middle Eastern, African and transition economies. In terms of suggestions for future research the author echoes the literature in pointing to the need to tackle an important source of omitted variable bias by putting forward indexes of economic reforms (quality of institutions and of the regulatory framework) as well as to try to construct composite indexes of ICT that better refl ect their multifaceted nature.
The following two chapters take an evolutionary-structuralist approach to technical change. In Chapter 7 ('ICT, learning and growth: an evolutionary perspective'), Mario Cimoli and Nelson Correa analyse the impact of the ongoing ICT revolution on economic growth. Using an E-S approach they argue that: fi rst, countries can be unequivocally ranked according to their effi ciencies in the ICT space and second, there is not a signifi cant relationship between these technological gaps and international diff erences in the expenditure on ICT. Moreover, the positive ICT impact on labour productivity seems to be higher for developed countries than for developing ones. All these fi ndings support the thesis that the capabilities to promote structural changes and proactive innovation systems are crucial determinants for the development and full exploitation of ICT. The confi guration of production and innovation systems is closely linked with the borrowing, imitation and adaptation of established technologies from more advanced economies.
In a specifi c comparison of Latin American countries with industrialized economies, Cimoli and Correa show that in the former a large gap exists with respect to their capabilities for absorbing and diff using ICT. Empirical evidence suggests that establishing proper technological dynamism in Latin American countries is impossible without fi rst achieving major changes and the sequential construction of widening opportunities for fi rms, sectors and institutions, including indigenous skills in a set of 'core' technologies and production capacities. The overlap between the ICT impact and the confi guration of Latin American production and innovation systems have diff used opportunities on the one hand, and raised barriers on the other. Some sectors and activities have clearly benefi ted from the incorporation of ICT and expanded their participation in international markets. Others have been constrained in creating capabilities and acceding to these technologies.
The next contribution from the E-S school is Chapter 8 ('ICT and knowledge complementarities: a factor analysis on growth'), in which Marco Capasso and Nelson Correa investigate the infl uence of the use of ICT on economic growth. Most of the literature dealing with the relation between ICT and growth is based on the channels of capital or labour skills. Instead, this chapter focuses on the role that ICT play as a complement to a country's knowledge base. Using a principal factor model, they build a knowledge indicator that defi nes the value for the stock of knowledge of each country and year. The factor procedure is used to estimate a 'golden proportion' linking ICT use to other knowledge proxies, that is, the number of publications in technical and scientifi c journals, enrolment in tertiary education and expenditure on research and development. When an economy complies with this proportion, the knowledge level exerts its maximum infl uence on GDP growth. The golden proportion can thus be seen as an ideal state for which the complementarity between the ICT use and knowledge proxies works best in producing GDP. The phenomenon is illustrated by introducing both the knowledge indicator and the distance from the best optimal complementarity proportion as regressors in a classical GDP growth function, estimated through a panel data regression for 73 countries. By putting together the results of the growth model and the relation between ICT use and knowledge, it is possible to isolate the eff ect of ICT use on economic growth through the knowledge channel.
For several Latin American economies, the current level of ICT use is above this golden proportion. Nevertheless, an increase in the use of ICT will still produce a positive impact on knowledge and economic growth. However, the magnitude of this positive impact depends on the current level of ICT use with respect to the ICT level predicted by the golden proportion. In other words, if the increased ICT use drives the country to a position that is closer to the golden proportion, then ICT use will better complement the other knowledge proxies, and the corresponding increase in GDP will be higher. In contrast, a country whose ICT use level is already relatively high compared with the other knowledge proxies would benefi t less from a further increase in ICT use.
The fi nal two chapters of the book look into the diff usion aspects of ICT. In Chapter 9 ('A dynamic input-output simulation analysis of the impact of ICT diff usion in the Brazilian economy'), Fabio Freitas et al. use an input-output methodology to evaluate the size and the structural characteristics of the ICT-producing sectors and to analyse the impact of diff erent scenarios of ICT diff usion in the Brazilian economy in 2003. The authors estimate that there was an incipient ICT diff usion in the Brazilian economy both in demand and production sides. On the demand side, fi rst, the shares of ICT-producing sectors in total gross output, value-added, employment and fi nal demand components were small. Second, the forward linkages of the ICT industries in Brazil were remarkably low compared with both the United States indicators and with the average forward linkage in the Brazilian economy. On the production side, in spite of the incipient demand, it was observed that the share of ICT in total imports is signifi cant.
This chapter also presents the simulation results of two diff erent scenarios. The fi rst assumes diff erent growth rates for ICT sectors with an unchanged pattern of international trade and the second assumes a diff erent import substitution/penetration hypothesis in relation to the reference scenarios. The results of the model suggest diff erent ICT diff usion trajectories for the Brazilian economy.
In the fi nal chapter, Chapter 10 ('The relative impact of the regulatory framework on the diff usion of ICT: evidence from Latin America'), Nauro Campos analyses the importance of privatization and deregulation for the diff usion of information and communication technologies in Latin America. The ICT as a general-purpose technology have a potential comparable with those that underpinned the Industrial Revolution of the middle of the nineteenth century. Indeed, fi xed and mobile phones, personal computers and the Internet have diff used rapidly in the past ten or 15 years with massive (and still imperfectly understood) productivity, growth and welfare implications. One argument is that privatization and de-regulation have played a major role in this process although, to date, there have been few eff orts to understand and assess their relative importance.
This chapter tries to fi ll this gap. It provides the fi rst comprehensive assessment of the determinants of ICT diff usion. In this chapter, the diff usion processes of four ICT (fi xed and mobile phones, personal computers and the Internet) is studied and the author examines a comprehensive set of potential determinants (i.e., economic, political, technological and the institutional and regulatory framework dimensions) using a unique yearly panel dataset of 35 Latin American and Caribbean economies between 1989 and 2004. The ordinary least squares (OLS) fi xed eff ects estimates support a ranking of determinants with human capital and per capita GDP as main factors, followed in decreasing order of importance by the eff ectiveness of the regulatory framework (degree of competition in the domestic market and various characteristics of regulatory agencies), technical aspects (e.g., average price of call for phones, bandwidth for Internet and speed for computers) and political variables (democracy and durability of the regime). This ranking varies a little depending on the type of ICT. The general ranking holds for fi xed and mobile lines (although human capital is more important than per capita income for the latter), while in the case of PCs the share of the services sector on GDP is more important than level of human capital and technical factors are more important than regulatory and political aspects. Finally, the rise in Internet users seems to depend on levels of human capital, per capita income, regulation and technical aspects, while political factors matter little. NOTES 1. In general, each techno-economic paradigm strongly infl uences the behaviour of the relative costs, supply and pervasiveness of new technologies and the organization of production activities. In particular: '(i) clearly perceived low -and descending -relative cost, (ii) apparently unlimited supply (for all practical purposes), (iii) obvious potential for all-pervasive infl uence in the productive sphere, and (iv) a generally recognized capacity, based on a set of interwoven technical and organizational innovations, to reduce the costs and change the quality of capital equipment, labour and products' (Perez, 1985, p. 444 
where n -denotes average value shares of input i in nominal output and n L 1n K-Non-ICT 1 n K-ICT 5 1. Each element on the right-hand side indicates the proportion of output growth accounted for by growth in labour, capital Non-ICT and ICT and multi-factor productivity, respectively. This output decomposition assumes that factor markets are perfectly competitive, according to which each input is remunerated by its marginal product and prices correspond to their rate of substitution. Moreover, constant returns to scale are assumed (since n L 1 n K-Non-ICT 1 n K-ICT 5 1). The growth rate of output is a weighted average of growth rates of capital and labour services and the contribution of each input is its weighted growth rate. The contribution of MFP, the growth rate of the augmentation factor A, is the diff erence between growth rates of output and inputs.
